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ABSTRACT. A total of 2,703 pig sera from 171 farms in six regions in Japan were screened for virus-neutralizing (VN) antibody against 
transmissible gastroenteritis virus (TGEV). Although none of the farms had clinical signs of transmissible gastroenteritis (TGE) or vac- 
cination against TGEV, VN antibody was detected in 14.4% of sera at 30 farms (17.5%) across all six regions. On testing of 263 VN 
antibody-positive sera from 27 farms with a commercial blocking ELISA to distinguish TGEV and porcine respiratory coronavirus 
(PRCV) antibodies, 78.3% were positive for PRCV antibody only, while 12.5% were positive for TGEV antibody only or both TGEV 
and PRCV antibodies. Seven of the eight TGEV antibody-positive farms were also positive for PRCV antibody. Five months after the 
antibody examination, a TGE outbreak occurred at one of these seven farms. These results suggest that most of the detected VN anti- 
bodies were to PRCV, and that TGEV infection might be present at some PRCV-positive farms in Japan. 
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Transmissible gastroenteritis (TGE) is caused by TGE 
virus (TGEV), a member of the genus Coronavirus. On 
introduction into a seronegative farm, TGEV spreads rap- 
idly to pigs of all ages, and causes severe diarrhea with high 
mortality, particularly in pigs aged less than 2 weeks. Eco- 
nomic losses from a TGE outbreak can be severe [15]. In 
contrast, the clinical signs of TGE are usually milder when 
TGEYV is introduced into seropositive farms, or when TGEV 
infects less susceptible animals, such as sows or finisher 
pigs in seronegative farms. TGEV infection therefore occa- 
sionally goes undiagnosed [9, 15]. 

Porcine respiratory coronavirus (PRCV) is a mutant of 
TGEV with a characteristic large deletion (ranging from 621 
to 681 nucleotides in length) in the 5’ region of the spike (S) 
protein gene, which leads to a loss of an antigenic determi- 
nant [10, 17]. In contrast to TGEV, which replicates mainly 
in epithelial cells of the small intestine and causes severe 
diarrhea, PRCV replicates mainly in epithelial cells of the 
respiratory tract and causes no or mild clinical signs [15]. 
Since infection with PRCV induces the production of anti- 
bodies able to neutralize both TGEV and PRCV at the same 
titer [12], differential serological diagnosis between TGEV 
and PRCV infections can only be accomplished with a 
blocking ELISA, which uses a monoclonal antibody 
directed against the antigenic determinant in the S protein 
that is deleted in PRCV [2, 6]. 

The incidence and severity of TGE have decreased mark- 
edly since the widespread infection of PRCV in European 
swine herds in the late 1980s to early 1990s [10, 12, 13]. In 
the United States, a decrease in TGE incidence has been 
reported in one area having a high prevalence of PRCV anti- 
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body [20, 21]; in other TGEV- and PRCV-seronegative 
herds, however, TGE remains a major cause of sickness and 
death in piglets [14, 15]. 

In Japan, the incidence of epidemic TGE has decreased 
and only eight outbreaks were reported from 2001 to 2007 
[4]. PRCV infection was first described in Japan in 1996 
[8], and endemic PRCV infection was reported in pigs at a 
farm during a 4-year period [16]. Nevertheless, the preva- 
lence of PRCV and TGEV infections in Japan remains 
obscure. 

Here, to determine whether the recent decrease in 
reported outbreaks of TGE is due to widespread infection 
with PRCV, we investigated the prevalence of TGEV and 
PRCV antibodies in six regions in Japan using a virus neu- 
tralization test for TGEV and a blocking ELISA. 

A total of 2,703 sera were collected from 171 individual 
swine farms (5 to 43 samples per farm) in 6 regions of Japan 
in 2005 or 2007, as summarized in Table 1. None of the 
farms had clinical signs of TGE or vaccination against 
TGEV. The collected sera were screened for virus-neutral- 
izing (VN) antibody to TGEV by a virus neutralization test 
with the TGEV TO163 strain and CPK cells [5, 16]. VN 
antibody to TGEV was detected in 389 of 2,703 sera 
(14.4%) collected from 30 of 171 farms (17.5%) in all 6 
regions. The prevalence of VN antibody to TGEV at the 
farm and pig levels in each region varied from 2.1% to 
82.4% and from 0.9% to 53.2%, respectively. Prevalence at 
both the farm and pig levels was higher in the Kanto region, 
which has concentrated swine-rearing areas, than in other 
regions. 

For further analysis, TGEV and PRCV antibodies were 
differentiated using a commercial blocking ELISA kit 
(SVANOVIR® TGEV/PRCV-Ab ELISA; Svanova Biotech 
AB, Uppsala, Sweden). This ELISA is based on the use of 
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Table 1. Results of a virus neutralization test for TGEV and a blocking ELISA in pig sera in six regions in 
Japan 
Region Year Virus neutralization Blocking ELISA 
is test for TGEV TGEV antibody PRCV antibody 
Tohoku 2007 2/24 (8.3%)” 1/2 (50.0%) 1/2 (50.0%) 
[13/240 (5.8%)] [5/13 (38.5% )] [8/13 (61.5% )] 
Hokuriku 2005 5/24 (20.8%) 1/5 (20.0%) 5/5 (100%) 
[67/709 (9.4%)] [10/51 (19.6%)] [33/51 (64.7%)] 
Kanto 2005 14/17 (82.4%) 6/12 (50%) 12/12 (100%) 
[256/481 (53.2%)] [18/157 (11.5%)] [124/157 (79.0%)] 
Chubu 2005 6/54 (11.1%) 0/6 (0%) 6/6 (100%) 
[31/330 (9.4%)] [0/31 (0%)] [31/31 (100%)] 
Chugoku 2005 1/47(2.1%) 0/1 (0%) 1/1 (100%) 
[8/888 (0.9%)] [0/8 (0%)] [8/8 (100%)] 
Kyushu 2005 2/5 (40.0%) 0/1 (0%) 1/1 (100%) 
[14/55 (25.5%)] [0/3 (0%)] [2/3 (66.7%)] 
0 ty 0 
Total 30/171 (17.5%) 8/27 (29.6%) 26/27 (96.3%) 


[389/2703 (14.4%)] 


[33/263 (12.5%)] [206/263 (78.3%)] 


a) No. of positive farms /No. of tested farms (%). 
b) No. of positive sera /No. of tested sera (%). 


Table 2. Results of a virus neutralization test for TGEV and a blocking ELISA in pig sera in 

each of the TGEV antibody-positive farms 

Fatm Region Virus neutralization Blocking ELISA 

test for TGEV TGEV antibody PRCV antibody 

1 Tohoku 5/10 (50.0%) 5/5 (100%) 0/5 (0%) 
3 Hokuriku 20/25 (80.0%) 10/20 (50.0%) 3/20 (15.0%) 
8 Kanto 29/34 (85.3%) 3/29 (10.3%) 26/29 (89.7%) 
12 Kanto 4/30 (13.3%) 1/4 (25.0%) 3/4 (75.0%) 
14 Kanto 13/20 (65.0%) 4/16 (25.0%) 9/16 (56.3%) 
15 Kanto 38/40 (95.0%) 2/16 (12.5%) 13/16 (81.3%) 
17 Kanto 39/40 (97.5%) 1/16 (6.3%) 14/16 (87.5%) 
19 Kanto 13/16 (81.3%) 7/16 (43.8%) 4/16 (25.0%) 


a) No. of positive sera /No. of tested sera (%). 


two monoclonal antibodies [2]: a TGEV-specific mono- 
clonal antibody (TGEV mAb), which recognizes an anti- 
genic determinant that is deleted in PRCV, and a 
monoclonal antibody, which recognizes both TGEV and 
PRCV (TGEV/PRCV mAb). Percent inhibition (PI) against 
each competing mAb was calculated according to the man- 
ufacturer’s instructions. The results of ELISA were inter- 
preted four ways, as follows. Briefly, when the test sera 
only blocked the binding of TGEV/PRCV mAb with a PI 
greater than 60%, they were considered to have antibody 
only to PRCV. We therefore classified them as PRCV anti- 
body-positive sera in the present study. When they blocked 
the binding of both mAbs with a PI greater than 60%, they 
were considered to have antibody only to TGEV or antibod- 
ies to both TGEV and PRCV. We then classified them as 
TGEV antibody-positive sera. When they blocked the bind- 
ing of both mAbs with a PI lower than 45%, they were con- 


sidered to have antibody to neither TGEV nor PRCV and 
were determined to be negative for both TGEV and PRCV 
antibodies. Test sera with a PI between 45% and 60% 
against either or both mAbs were considered as inconclu- 
sive. The ELISA has been reported to show good agreement 
(kappa 0.84) with the virus neutralization test for the detec- 
tion of TGEV or PRCV antibody and to possess good spec- 
ificity in identifying TGEV-infected herds [2]. 

Of the total, 263 VN antibody-positive sera collected 
from 27 farms, which had sufficient volume for further 
examination, were tested using ELISA (Table 1). Of these, 
33 sera (12.5%) were TGEV antibody-positive and 206 
(78.3%) were PRCV antibody-positive, while 3 and 21 were 
negative and inconclusive, respectively. Titers of VN anti- 
body in the sera with negative ELISA results ranged from 
1:2 to 1:8, suggesting that negative results might reflect the 
sensitivity of the ELISA. TGEV antibody-positive pigs 


SEROPREVALENCE OF TGEV AND PRCV IN JAPAN 945 


were detected in 8 farms (29.6%) in 3 regions, and PRCV 
antibody-positive pigs were detected in 26 farms (96.3%) in 
6 regions (Table 1). Of the 27 farms, 19 farms in 6 regions 
had only PRCV antibody-positive pigs. 

The results of the virus neutralization tests for TGEV and 
the blocking ELISA in each of the eight TGEV antibody- 
positive farms are summarized in Table 2. In seven of the 
eight farms, PRCV antibody-positive pigs were also 
detected. At farm 1, all 5 VN antibody-positive sera were 
TGEV antibody-positive by ELISA and there were no sera 
recognized as PRCV antibody-positive. Although TGEV 
antibody-positive pigs were identified at farms 8, 12, 14, 15 
and 17, PRCV antibody-positive pigs were more predomi- 
nant. On the other hand, more TGEV antibody-positive pigs 
were identified than PRCV antibody-positive pigs at farms 
3 and 19. ELISA was positive for TGEV antibody not only 
in sows and gilts at farms 1, 12, 15 and 19 but also in nursery 
and grower-finisher pigs at farms 3, 14 and 19 (data not 
shown). 

An epidemic TGE outbreak occurred at farm 15 five 
months after the antibody examination. Severe diarrhea 
among suckling pigs continued for 5 weeks. Morbidity in 
suckling pigs was nearly 100%, but mortality varied among 
farrowing rooms, ranging from 3.3% to 63.8%. Anorexia 
and diarrhea were observed in 80% and 10% of pregnant 
sows, respectively. Additional serum samples were there- 
fore collected from pigs of various ages 3 and 8 months after 
the outbreak to observe changes in the prevalence of TGEV 
and PRCV antibodies. Although most of the VN antibody- 
positive sera were PRCV antibody-positive by ELISA at the 
first antibody examination (farm 15 in Table 2), at three and 
eight months after the outbreak, TGEV antibody-positive 
sera were detected predominantly in VN antibody-positive 
sera collected from sows, gilts and grower-finisher pigs 
(data not shown). 

In the present study, we found that most of the detected 
VN antibody-positive sera were positive for PRCV anti- 
body, and that PRCV is distributed widely in Japan, 
although the prevalence varies among regions. Several 
experimental studies have reported that PRCV can induce a 
variable degree of protection against TGEV infection [1, 3, 
9, 18, 19]. Taken together with our data, these findings sug- 
gest that the recent decrease in epidemic TGE outbreaks in 
Japan may have resulted from widespread infection of 
PRCYV, as observed in European countries [10, 12, 13]. On 
the other hand, in our study, TGEV antibody-positive pigs 
were found at several PRCV antibody-positive farms; fur- 
thermore, a TGE outbreak occurred at one of these farms, 
although the reason for the outbreak was unclear. A similar 
TGE outbreak has been reported in only one PRCV anti- 
body-positive herd, in the United Kingdom in 1996 [7]. 
These results suggest that not only TGEV infection, but 
even TGE outbreak, can occur at a farm at which PRCV 
infection is present. 

Further epidemiological study of TGEV and PRCV infec- 
tions is needed to prevent virus transmission from farms 
with undiagnosed TGEV infection and to control TGE out- 


breaks in Japan. 


ACKNOWLEDGMENTS. We thank Drs. M. Hayashi, Y. 
Seki, Y. Tanahashi, N. Ouchi and R. Kono for performing 
the virus neutralization tests and their provision of sera; and 
Drs. E. Yamamoto, T. Aita, and D. Nishi for their technical 
help. We received generous support from Drs. K. Kure and 
N. Hojou in the sampling of sera. This study was partly sup- 
ported by a grant from the Ministry of Agriculture, Forestry 
and Fisheries of Japan. 


REFERENCES 


1. Bernard, S., Bottreau, E., Aynaud, J.M., Have, P. and Szyman- 
sky, J. 1989. Natural infection with the porcine respiratory 
coronavirus induces protective lactogenic immunity against 
transmissible gastroenteritis. Vet. Microbiol. 21: 1-8. 

2. Carman, S., Josephson, G., McEwen, B., Maxie, G., Antochi, 
M., Eernisse, K., Nayar, G., Halbur, P., Erickson, G. and Nils- 
son, E. 2002. Field validation of a commercial blocking ELISA 
to differentiate antibody to transmissible gastroenteritis virus 
(TGEV) and porcine respiratory coronavirus and to identify 
TGEV-infected swine herds. J. Vet. Diagn. Invest. 14: 97-105. 

3. Cox, E., Pensaert, M.B. and Callebaut, P. 1993. Intestinal pro- 
tection against challenge with transmissible gastroenteritis 
virus of pigs immune after infection with the porcine respira- 
tory coronavirus. Vaccine 11: 267-272. 

4. Food Safety and Consumer Bureau, Ministry of Agriculture, 
Forestry and Fisheries. 2009. Morbidity of Infectious Diseases 
(2.24 Swine transmissible gastroenteritis). Statistics Anim. 
Hyg. 2005: 38 

5. Furuuchi, S., Shimizu, Y. and Kumagai, T. 1975. Comparison 
of properties between virulent and attenuated strains of trans- 
missible gastroenteritis virus. Nat. Inst. Anim. Hlth. Quart. 15: 
159-164. 

6. Jabrane, A., Elazhary, Y., Talbot, B.G., Ethier, R., Dubuc, C. 
and Assaf, R. 1992. Porcine respiratory coronavirus in Quebec: 
Serological studies using a competitive inhibition enzyme- 
linked immunosorbent assay. Can. Vet. J. 33: 727-733. 

7. Jones, T., Pritchard, G. and Paton, D. 1997. Transmissible gas- 
troenteritis of pigs. Vet. Rec. 141: 427-428. 

8. Kamogawa, O., Tomita, Y., Kaneko, M., Yamada, S., Kubo, M 
and Shimizu, M. 1996. Isolation of Porcine respiratory coro- 
navirus from pigs affected with porcine reproductive and respi- 
ratory syndrome. J. Vet. Med. Sci. 58: 385-388. 

9. Kim, L., Hayes, J., Lewis, P., Parwani, K.O., Chang, O. and 
Saif, L.J. 2000. Molecular characterization and pathogenesis of 
transmissible gastroenteritis coronavirus (TGEV) and porcine 
respiratory coronavirus (PRCV) field isolates co-circulating in 
a swine herd. Arch. Virol. 145: 1133-1147. 

10. Laude, H., Reeth, K.V. and Pensaert, M. 1993. Porcine respira- 
tory coronavirus: molecular features and virus-host interac- 
tions. Vet. Res. 24: 125-150. 

11. Paton, D., Ibata, G., Sands, J. and McGoldrick, A. 1997. Detec- 
tion of transmissible gastroenteritis virus by RT-PCR and dif- 
ferentiation from porcine respiratory coronavirus. J. Virol. 
Methods 66: 303-309. 

12. Pensaert, M., Callebaut, P. and Vergote, J. 1986. Isolation of a 
porcine respiratory, non-enteric coronavirus related to trans- 
missible gastroenteritis. Vet. Quart. 8: 257-261. 

13. Pensaert, M., Cox, E., van Deun, K. and Callebaut P. 1993. A 
sero-epizootiological study of porcine respiratory coronavirus 


946 


14. 


15. 


16. 


17. 


A. MIYAZAKI ET AL. 


in Belgian swine. Vet. Quart. 15: 16-20. 

Ptaschinski, M. and Hanson, J.M. 2008. Fairlure of TGEV 
serology in a previously TGEV positive flow. pp. 59-63. Jn: 
American Association of Swine Veterinarians 2008. Annual 
Meeting proceedings. 

Saif, L.J. and Sestak, K. 2006 Transmissible Gastroenteritis 
and Porcine Respiratory Coronavirus. pp. 489-516. In: Dis- 
eases of Swine, 9th ed. (Straw, B.E., Zimmerman, J.J., 
D’Allaire, S. and Taylor D.J. eds.), Blackwell Publishing, 
Ames. 

Usami, Y., Fukai, K., Ichikawa, Y., Okuda, Y., Shibata, I., 
Motoyama, C., Imai, K. and Kirisawa, R. 2008. Virological 
and serological studies of porcine respiratory coronavirus 
infection on a Japanese farm. J. Vet. Med. Sci. 70: 929-936 
Vayghn, E.M., Halbur, P.G. and Paul, P.S. 1995 Sequence 
comparison of porcine respiratory coronavirus isolate reveals 
heterogenecity in the S, 3 and 3-1 genes. J. Virol. 69: 3176- 


18. 


19. 


20. 


21. 


3184. 

Wesley, R.D. and Lager, K.M. 2003. Increased litter survival 
rates, reduced clinical illness and better lactogenic immunity 
against TGEV in gilts that were primed as neonates with por- 
cine respiratory coronavirus (PRCV). Vet. Microbiol. 95: 175— 
186. 

Wesley, R.D. and Woods, R.D. 1993. Immunization of preg- 
nant gilts with PRCV induces lactogenic immunity for protec- 
tion of nursing piglets from challenge with TGEV. Vet. 
Microbiol. 38: 31-40. 

Wesley, R.D., Woods, R.D., McKean, J.D., Senn, M.K. and 
Elazhary, Y. 1997. Prevalence of Coronavirus Antibody in 
Iowa Swine. Can. J. Vet. Res. 61: 305-308. 

Yaeger, M., Funk, N. and Hoffman, L. 2002. A survey of 
agents associated with neonatal diarrhea in Iowa swine includ- 
ing Clostridium difficile and porcine reproductive and respira- 
tory syndrome virus. J. Vet. Diagn. Invest. 14: 281-282. 


